Primary Thyroid Lymphoma (PTL) is an uncommon disease, although its incidence is of 5%. Ultrasound and Fine Needle Aspiration Cytology (FNAC) usually do not provide the diagnosis. Surgery is one of the treatment options because it enables histological diagnosis and can also relieve compression symptoms in patients with rapid growth cervical mass. We present 7 cases of PTL diagnosed in the last 10 years in our unit. Five were female (71.4%) and 2 were male (28.6%). The mean age was 64.2 (range: 40 -81
Introduction
Primary Thyroid Lymphoma (PTL) is defined as a lymphoma arising in the thyroid gland. It accounts for only 5% of all thyroid malignancies [1] , and represents 3% of all non-Hodgkin's lymphoma. The typical presentation is in middle-aged women with Hashimoto's thyroiditis (HT). It is extremely rare in the paediatric population [2] .
The most common clinical presentation is a rapidly enlarging painless thyroid mass. Sometimes it may be associated with compressive symptoms such as dysphagia, dyspnea and hoarseness. B-symptoms are referred in 20% of cases [3] .
Tumors are usually cerebroid and well vascularized. Ultrasonography is the imaging modality of choice and typically shows one of the three patterns: nodular, diffuse or mixed. When appearing as a solitary mass, the tumor may resemble an anaplastic thyroid carcinoma, but the lack of calcification, necrosis and cystic degeneration favors diagnosis as lymphoma.
T-cell PTL is extremely rare, accounting for only 2% [4] of the whole series while B-cell PTL represents up to 98%. The most frequent histological subtypes were Diffuse Large B-Cell Lymphoma (DLBCL) and MALT lymphoma, accounting for up to 70% and 30%, respectively. Other histological subtypes, such as follicular or Burkitt's lymphoma comprise only 3% -5% of PTL. DLBCL is the most aggressive subtype, with 50% -60% of patients presenting disseminated disease at diagnosis and poor prognosis. DLBCL can be also divided into two major cell-origin subtypes with different prognosis: a favourable germinal-centre B-cell-like lymphoma and a more aggressive activated B-cell-like subtype with overexpression of immunophenotype markers IRF4 (MUM1) and FOXP1. MALT lymphomas are characterized by the presence of lymphoepithelial lesions, representing colonization of the thyroid follicles by the lymphoma cells.
Staging is based on Modified Ann Arbor criteria [5] . Stage IE applies to disease confined within the thyroid; stage IIE represents thyroid and regional lymph node involvement; IIIE represents thyroid and lymph node involvement on both sides of the diaphragm and stage IV comprises disseminated disease. Diagnosis is based on histological analysis of thyroid tissue.
Although in the last few years ultrasound guided FNAC and core-biopsy have increased their sensitivity [6] [7] , an open surgical biopsy is needed to allow accurate diagnosis of the different lymphoma subtypes in order to direct treatment.
Treatment strategy depends on histological subtype and stage. Due to the low incidence, there is no evidence-based treatment. DLBCL requires multimodal therapy, in-cluding immunochemotherapy and radiotherapy for bulky disease. Early stage IE MALT PTL has an indolent course and may call for single-modality treatment including surgery, radiotherapy or a combination of both.
Prognosis is generally excellent although dependent on histological subtype.
Materials and Methods
The PTL cases detected in the unit of Endocrine Surgery of the University Clinic Hospital of Valencia, Spain, in the last 10 years were reviewed and analyzed. It is a retrospective and descriptive study. Cases were obtained from Oncology, Pathology and Surgery database. Five patients debuted as a cervical mass with compressive symptoms. Three of them developed as a rapidly growing cervical mass, one of which grew from 2 to 8 cm diameter ( Figure 1 and Figure 2 ). In 2 of these patients PTL started with compressive symptoms. Two cases out of the total (28.6%) showed no symptoms at all.
Results
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In all cases a cervical ultrasound was performed as an initial study. In no case did the ultrasound show evidence of thyroid lymphoma.
FNAC was diagnostic only in one patient (14.3%).
Five patients underwent total thyroidectomy (71.4%). All were diagnosed with lymphoma postoperatively. Two interventions consisted of left hemithyroidectomies (28.6%). One was indicated preoperatively in order to relieve compressive symptoms and the other was called because the intraoperative biopsy informed of a lymphoma, which made the complete thyroidectomy unnecessary. The extension was evaluated in all patients with cervical and thoracic CT scan, Bone Marrow Biopsy (BMB), beta-2 microglobuline and serum lactate dehydrogenase (LDH) levels. BMB showed normal cellularity. Beta-2 microglobuline did not rise in any patient and LDH levels only increased in 1 of the 7 cases. One case (the Burkitt case) was staged as IIIE (14%), 2 as IIE (28.5%) and 4 as IE (57.14%).
Three patients completed treatment with R-CHOP (Rituximab, Cyclophosphamide, Doxorubicin, Vincristine and Prednisone). The Burkitt lymphoma was treated with Dexamethasone, methotrexate and IVAC (iphosphamide ethoposide and cytarabine). Two cases were treated only with Total Thyroidectomy, and 2 with total thyroidectomy and Rituximab, the latter were MALT.
Complete remission (CR) was achieved in all patients in the first year. All are still alive and in CR (see results in Table 1 ).
Discussion
PTL has a very low incidence, with 1 -2 cases per million. Due to this low frequency it is especially interesting to report case-series. Most published studies are retrospective with a limited number of patients. Series with a larger number of patients were presented by Matsuzuka (n = 119) and Onal (n = 87) [8] [9] . Incidence varied between 2% -8%, with female/male predominance of 4:1. PTL is extremely rare in paediatric population and is most commonly observed at middle-to-advanced age, between 60 and to 75 years old, with a female/male ratio of 4:1 [10] . Similarly, our patients presented a mean age of 64.2 and a similar female/male ratio (5:2).
The main clinical presentation included a mass in the thyroid or a diffuse enlargement that caused symptoms related to compression such as hoarseness, dysphagia and dyspnea. Rarely, stridor or superior vena cava obstruction may occur. There was a report of one case presenting a thyroid abscess which was in fact affected by Hodgkin's lymphoma [11] . Five patients in our series had a mass or a diffuse enlargement producing compressive symptoms. Two patients were asymptomatic. One of them did not show thyroid enlargement and surgical treatment indication was based on unmanageable hyperthyroidism with medical treatment. Classic B-symptoms such have been reported in up to 20% of patients. None of our patients referred B-symptoms.
The pathogenesis of PTL lymphoma is closely related to chronic antigen stimulation, and the major risk factor for MALT lymphomas is the presence of Hashimoto's thyroiditis (HT). The risk of PTL in an HT patient is increased 40 -80 times compared to the general population [12] [13] and PTL typically develops 20 -30 years after initial diagnosis. Although the incidence of HT in PTL patients is up to 80%, only 0.6% with HT will develop a PTL [14] . Williams et al. reported a causal relationship between HT Table 1 . Clinical aspects of the patients who underwent surgery during the last 10 years in our hospital. and PTL [15] . Another series reported a 67-fold increased risk of developing PTL among HT patients [16] . In our series, 4 patients out of 5 with indolent lymphoma had an HT diagnosis. Some patients present increased T4 levels and no detectable anti-peroxidase antibodies [17] [18]. This could be explained by tumoral infiltration of the gland, which destroys normal thyroid follicles leading to the release of thyroxine.
MALT lymphoma of the thyroid usually has an indolent course and a better prognosis but transformation into higher grade subtypes has been previously documented. Half of our patients can be considered in stage IE and half had regional lymph nodes affected.
Ultrasound can show a diffuse gland enlargement. It looks like a heterogeneous hypoechoic parenchyma with the presence of structures resembling septae [27] . In our experience, ultrasonography was not useful to distinguish between lymphoma and subacute thyroiditis in any case.
Despite advances in ultrasonography, as well as in guided core biopsy, accurate di-
agnosis with an open surgical biopsy is usually needed, especially in MALT subtypes, where no diagnosis can be achieved with FNAC [28] . Some authors [29] recommend FNAC initial analysis with flow cytometry, which achieves a sensitivity of 97% and a specificity of 87% for the detection of B-cell lymphoma. However, 13% of the patients cannot be diagnosed due to inadequate sampling. Moreover, MALT lymphomas require an accurate evaluation of thyroid architecture to distinguish them from benign conditions. In recent years, an increased sensitivity for FNAC has been reported [30] [31]. The addition of other techniques such as flow cytometry or molecular biology may improve the diagnostic rate of FNAC, especially in the differential diagnosis of lymphomas versus carcinomas [32] . BRAF and NRAS determination has been proposed as a marker of PT L [33] .
In our series, although all the patients had a previous FNAC, only one patient could be diagnosed by FNAC; the other patients required an open surgical approach. A core-needle biopsy (CNB) yields more tissue than FNAC and it may be guided by ultrasonography to avoid the risk of trauma to adjacent structures. It can facilitate the differential diagnosis with anaplastic carcinoma, which is not always possible with FNAC. Recent studies have shown that a core-biopsy can provide enough tissue for diagnosis in up to 95% of lymphomas [34] . Ha EJ et al. show that CNB results in diagnostic sensitivity and positive predictive values of 87.5% and 100%, respectively [35] . A three cohort study published by Hahn Sy et al. showed that CNB has benefit for the diagnosis of thyroid nodules with inconclusive ultrasonography-guided FNA [36] .
No CNB was performed in our series due to the lack of experience.
Staging procedures for PTL are essentially the same as other subtypes and includes blood cell analysis, biochemistry including LDH and beta2-microglobulin both important prognostic factors for lymphoma, a bone marrow biopsy and a whole-body CT. An updated diagnosis and response criteria favours the PET/CT use for staging and response evaluation, especially in the aggressive variety, although MALT cases may result in false negative [37] . Galium 67 scintigraphy could have a role in detecting local recurrence [38] .
The optimal treatment of PTL is controversial and usually based on histologic subtype. In general, they are sensitive to both chemotherapy and radiotherapy. Due to its more aggressive clinical course, the gold standard for DLBCL is multimodal therapy based on the combination of the monoclonal antibody Rituximab, targeting CD20 antigen with the classical chemotherapy schedule CHOP (cyclophosphamide, doxorubicin, vincristine and prednisone), as well as radiotherapy. In the very aggressive sub- However, the introduction of Rituximab, a chimeric monoclonal antibody against CD20 represents the most significant advance in the treatment of lymphoma since the introduction of chemotherapy. Adding Rituximab to the therapy has shown to improve overall and disease-free survival in virtually all subtype of B-cell lymphomas and can also reduce CHOP volume in elderly patients that do not tolerate chemotherapy [40] . single agent rituximab, with a 5-year survival rate of 90% [41] . Bevacizumab (VEGF inhibitor) has been tested without satisfactory results to date [42] .
3 out of our 7 patients in our series were treated with chemoinmunotherapy (2 R-CHOP and 1 Methotrexate-based schedules) two with surgery and rituximab and the other two with only surgery. None of them received radiotherapy probably due to the favourable outcome following chemoinmunotherapy.
The role of surgery in the treatment of PTL remains controversial. It allows an accurate histologic diagnosis and avoids the compressive symptoms due to enlarged masses.
However, the potential morbidity of the procedure should be kept in mind as well as the fact that surgery does not appear to improve overall survival when compared to other treatment strategies [43] [44] . Despite this, surgery may still be helpful as palliative treatment for critical airway obstruction [45] , although the intervention carries high morbidity and could be replaced by corticosteroids as well as chemotherapy [46] .
Furthermore, some intrathyroid MALT lymphomas are diagnosed in the setting of total thyroidectomy for another indication. In our centre we performed five open interventions because of compressive symptoms and fast tumor growth in four of them. Some authors suggest surgery as a unique treatment modality for MALT stage IE lymphomas, with a 7-year survival of 100% [47] . We could support this evidence based on our experience though it is short and we should see the evolution in a longer period of time.
Radiotherapy should be considered only for localized stage IE MALT lymphomas. In most cases RT is not necessary due to the good results achieved with chemotherapy. It has been used in patients that cannot undergo surgery or chemotherapy, improving local control [48] .
Prognosis of PTL is mainly related to histological subtype. The surveillance Epidemiology and End Results database estimates a 5-year disease-free survival of 96% for MALT lymphoma, 75% for DLBCL, 87% for follicular PTL and 86% for small lymphocytic lymphoma. The 5-year overall survival was 66%. The outcome is also based on other prognostic factors included in the International Index [49] , such as stage, age, performance status, more than one extranodal site and elevated LDH.
100% of our patients are still alive at a mean follow-up of seven years.
Conclusion
PTL is very infrequent, so it is difficult to protocolize its diagnosis and treatment. Multimodal treatment gives good results, when histology and stage are taken into account to decide the best combination. Due to the low number of cases, there is no evidence of which is the best treatment option, but experience suggests restricting surgery to cases where previous diagnosis fails. In aggressive histological variants or larger tumors, surgery can be risky and will not improve survival, but for MALT lymphoma confined to the thyroid gland, given their benign presentation and course, if surgery is done, this could work as a single and resolutive treatment.
